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WHATISrT.AIMlCnTR 

1. A method of separating immiscible liquids in a dispersion comprising an 
aqueous liquid and at least one non-aqueous liquid iimniscible in the aqueous 
liquid and wherein the non-aqueous liquid is dispersed in the aqueous liquid, 
comprising: 

a) feeding the dispersion from a feed supply to a chamber housing a 

plurality of coalescing zones, in a first direction through the zones 
from an initial upstream zone to a final downstream zone; 

b) partially coalescing tiie cfispersed non-aqueous liquid in said coalescing 

zones; 

c) recovering a partially coalesced emulsion of said liquids, downstream pf 

said final downstream zone, and 

d) periodically discontinuing the feeding in said first direction and feeding 

said emulsion in a second direction, counter to said first direction, 
such tiiat said final downstream zone of a) becomes a second 
direction initial upstream zone and said initial upstream zone of a) 
becomes a second direction final downstream zone. 

2. A method according to claim 1, finlher comprising: 

e) feeding the partially coal^ced emulsion to a polishing vessel, housing at 

least one polishing coalescmg zone, in a first polishing direction; 

f) partially coalescing the emulsion in the at least one polishing coalescing 

zone; 

g) recovering a polished aqueous phase and a polished non-aqueous phase, 

and 
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h) periodically discontinuiiig the feeding of the partially coalesced emulsion 
in said first polishing direction and feeding said emulsion in a second 
polishing direction, counter to said first polishing direction, such that 
a final downstream polisMng zone becomes an initial upstream 
polishing zone and said imtial polishing zone becomes a final 
downstream zone. 

3. A method according to claim 2y wherem the polishing vessel includes only 
one coalescing zone. 

4. A method according to claim 2 to 3, wherein the dispersion also contains 
solids. 

5. A method according to claim 4, wherein a solids stream is further recovered 
in g) fix>m the polishing vessel. 

6. A mefliod according to any one of claims 1 to 5, wherein the method is 
continxtous or discontinuous. 

7. A mediod according to any one of clauns 1 to 6, wherein the mefliod is 
continuous. 

8. A method according to claim 1, further c6n^)ris^ng motiitoring a dififerential 
pressure of die said initial upstream zone of a) as a rneans of measuring a level of 
blockage in said initial iq)stream zone, and perfoiming d) in response to the a 
predetermined level ofblockage in the initial upstream zone. 

9. A method according to claim 1, wherein the plurality of coalesoing zones is 
at least three. 



10. A method according to claim 9, wherein the plurality of Coalescing zones is 
six, the zones being disposed in two parallel series of three coalescing zones. 
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11. A method according to any one of claims 1 to 10, wHerein the coalescing 
zone contains a coalescing media with a substantially homogeneous porous mass, 
the porous mass including a network of fine filaments and substantially uniform 
sized open cells in the filaments, indiefdn flie coalescing iiiedia can separate non- 
aqueous ennilsibns from the aqueous phase havmg a droplet diameter of at least 
0.5 \m, 

12. A method according to claim 11, wherein tihe porous mass has an 
absorption or adsorbent character effective to trap diq>ersed'non*aqueous droplets 
for coalescence, and readily release coalesced droplets of tibte non-aqueous liquid. 

13. A metiiod according to clfum 11 or 12, wherein the porous mass has a non- 
conq)ressed state, 

14. A method according to claim 13, wherein the porous mass in the non- 
compressed state has a non-compressed density varying fiom 1.5 to 2.5 Ibs/tf; a 
void space fiom 80% to 98%: and 65 to 120 pores per linear inch. 

15. A method according to claim 11 or 12; wherein the porous mass has a 
compressed state. 

16. A method according to claim 15, wherein the porous mass in thef 
con^ressed state has a compressed density varying from 2.5 to 1^ lbs/ft^; a void 
space of firom 60% to 80%; and 120 to 900 pores per linear inch. 

17. A method according to any one of claims 11 to 16; wherein the cells have a 
cell wall thickness between 40 and 55 ^m.; 

18. A method according to any one of claims 1 1 to 17, wherein the cells have a 
cell diameter between 1 60 and 220 pm. 
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19. A method according to any one of claim 1 1 to 18, wherein the coalesdng 
media is of a polymer selected from the group consisting of polyurethane, 
polyester, polystyrene, polypropylene and polyethylene. 

I 

20. A method according to claim 19, wherein the coalescing media is of 
polyuretiiane. 

21. An apparatus for separating immiscible liquids in a dispersion comprising 
an acjueous liquid and at least one non-aqueous liquid immiscible in the aqueous 
liquid and wherein the non-aqueous hquid is dispersed in the aqueous liquid, 
comprising: 

a primary vessel including; 

an inlet means through which the diq)ersion enters the vessel and 
prodiicmg a flow within the vessel in a first direction; 

an outlet means through which a partially coalesced emulsion leaves 
the vessel; 

a plurality, of coalescing compartments whibh the dispersed non- 
aqueous liquid partially coalesces to produce the partially 
coalesced emulsion; the compartmeiits inchidmg a first 
dixe^on iq)stream conipfflrtnieiit and a first direction last 
dowristream corripartment; 

a flow direction changing means acting on the inlet means and the 
outlet means for periodically changmg ttie flow within the 
vessel to a scfcond direction counter to. the first direction, such 
that said first direction upstream compartment becomes a 
second direction last downstream coiiq>artment and said first 
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direction last downstream compartment becomes a second 
direction upstream conipartment. 

22. An apparatus according to claim 20, further comprising: 

a transferring means, communicating between said primary vessel 
and a polishing vessel; 

tiie polishing vessel including; 

a polishing inlet means tiirou^ which the partially coalesced 
emulsion enters flie polishing vessel in a first: polishing 
direction; 

at least one polishing coalescing compartment in which the 
partiaUy coalesced Uquid further coalesces to produce a 
polished non-aqueous phase and a polished aqueous 
phase; 

a polished non-aqueous phase outlet means; and 

a polishing diitlet means throu^ which a polished aqueous 
phase leaves tfae.polishing vessel, and 

a polishing flow direction chatnging means acting an the polishing 
inlet means land the polishing outlet means for periodically 
changing the flow within the polishing vessel to a second 
polishing direction counter to the first polishing direction. 

23. An apparatus according to claim 21 or 22, wherein the apparatus operates in 
a continuous or discontinuous mode. 
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24. An ^aiatus accoidmg to claim 23, wherein fte apparatus operates in a 
continuous mode. 

25. An apparatus according to claim 22, wh^ein tihie poU^g vessel further 
includes a solids removal outlet means for the removal of solids in the dispersion. 

26. An apparatus according to claim 21, wherein the plurality of coalescing 
coiiq)artments is at least 3. 

27. An apparatus according to claim 26, wherein the phirality of coalescing 
COT^)artments is 6 and the compartments are arranged in two parallel series of 
tibree coalescing compartiiients. 

28. An qiparatus according to claim 27, wherein the coalescing compartments 
are disposed vertically. 

29. An apparatus according to claim 21, wherein Ae primary vessel is 
cylindrical, (Ksposed horizontaUy and includes heads. 

30. An qiparatus accoiding to claim 21, wherein the coalescing compartments 
are disposed vertically in the cylindrical vessel to produce compartments with a 
circular cross section of the flow in the first direction. 

31. Ah qipasatus accordmg to cU^ 22, wherein tiie polishing vessel is 
cylindrical, disposed horizontally and ihchides heads. 

32. An ^aratus according to claim 22, wherein the nuinber of polishing 
coalescing compartments is one, disposed vertically m the cylindrical vessel to 
produce a circular oross section in the first polishing direction. 

33. An apparatus according to claim 22, wherein tire polishing vessel is 
cylindrical, disposed vertically and includes heads. 
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34. An apparatus according to claim 22, wherein the. number of polishing 
coalescing compartmoits is one, disposed horizontally. 

35. An apparatus according to claim 21, wherein 

the primary vessel is disposed horizontally and comprises; 

a cyKndrical housing having a top wall, ends, and heads mounted on 
the ends of Ae housing; 

a first inlet mounted centrally on the housing and two inlets mounted 
on the heads; 

three outlets mounted on the top wall, a first outlet centrally mounted 
. between two outlets adjacent to the ends; 

six coialescing compartments mounted vertically and spaced 
substantially equally throughout the housing, each coalescing 
compartment and being sq)arated by a liquid compartment, 

the flow in the first direction is established with a first control vahre 
opening to allow the dispersion into the first inlet, a second 
control valve remaining closed, a fliird control valve opened 
.: to collect flie partially coalesced emiulsion fixwrn the two 
outlets adjacent to the ends, and a fourth control' valve closed; 

the flow in the second direction is established with the first control 
valve closed, the second, control valve opeiied to allow the 
dispersion to flow into flie each of the two inlets mouiited on 
the heads, fte thnd control valve is closed and the fourfli 
control valve (^lening to allow flie first outlet centrally 
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mounted, on tiie hoiising to allow the partially coalesced 
emulsion to leave the primary vessel; and 

differential pressure . controllers measuring d|ififerential pressure 
across each of the coalescing compartments, the differential 
pressure increasing with time, at a particular pressure and at a 
particular time interval tfie controllers actuating the control 
vdves and changing the flow from the first direction to the 
second direction, after the time interval has passed for a 
second time, the controllers actuating the control valves and 
changing the flow from the second direction to the first 
direction. 

An apparatus according to claim 22, wherein the transferring means is a 
pipe connecting the primary vessel and the polishing vessel; 

the polishing vessel is disposed horizontally and comprises 

a cylindrical housing having a top wall, ends and heads mounted on 
the ends of the housing; 

one polishing coalescing cwnpartment mounted vertically located at 
tiie center of the housing 

an polishing inlet and a polishing outlet through which the partially 
coalesced emulsion and the polished aqueous phase are 
interchangeable passed; 

the polishing flow in the first polishing direction is established with a 
first polishing control valve open allowing the emulsion into 
the polishing vessel through a port on the first head, a second 
polishing control valve is closed, a third polishing control 



wo 2004/087286 



-28- 



P€T/CA2003/O0a468 



valve is closed and a fourth polishing control valve is open 
allowing the polished aqueous phase to leave the polishing 
vessel; 

the polishing flow in the second polishing direction is established 
with a first polijshing control valve closed, a second polishing 
control valve is open allowing flie emulsion into the polishing 
vessel through a port on flie first head, a third polishing 
control valve is open allowing the polished aqueous phase to 
leave the polishing vessel and a fourth polishing control valve 
is closed; and 

differential pressure controllers measuring differential pressure 
across each of the polishing coalescing compartment, the 
differentiail pressure increasing with time, at a particular 
pressure and at a particular time interval the controllers 
actuating the control valves and changing the flow firom the 
first pohshing direction to the second polishing direction, after 
the time interval has passed for a second time, the controllers 
actuating tiie control valves and changing the flow firom the 
second polishing direction to the first polishing direction. 

37. An apparatus according to any one of claims. 21 to 36^ wherein the 
coalescing compartments contains a coalescing media with a substantially 
homogeneous porous mass, the porous mass including a network of fine filaments 
and substantially uniform sized open ceils in the filaments, wherein the coalescing 
media can separate non-aqueous emulsions firom the aqueous phase having a 
droplet diameti^ of at least O.S ^m. 
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38. An apparatus acconJing to claim 37, wherein the porous mass has 
absorption or adsorbent character effective to trap dispersed non-aqueous droplets 
for coalescence, and readily release coalesced droplets of the non-aqueous liquid. 

39. An apparatus according to claim 37 or 38, wherein the porote mass has a 
nan-compressed state. 

40. An apparatus according to claim 39, wherein the porous mass in the non- 
conqnessed state has a non-compressed density varying from 1.5 to 2.5 Ibs/tf ; a 
void space from 80% to 98%: and 65 to 120 pores per linear inch. 

41 . An apparatus according to claim 37 or 38, wherein the porous mass has a 
compressed state. 

42. An apparatus according to claim 41, wherein the porous mass in flie 
compressed state has a compressed density varying from 2.5 to 19 Ibs/tf; a void 
space of from 60% to 80%; and 120 to 900 pores per linear inch. 

43. An apparatus according to any one of clanns 37 to 42, wherein the cells 
have a ceU wall tiiickness between 40 and 55 ^m. 

44. An apparatus according to any one of claims 37 to 43, wherein fbe cells 
have a cell diameter between 1 60 and 220 pm. 

45. An q>paratus according to any one of claim 37 to 44, wherein the 
coalescing media is of a polymer selected from the group consisting of 
polyurethane, polyester, polystyrene, polypropylene and polyethylene. 

46. An apparatus according to claim 45, wherein the coalescmg media is of 
polyurethane. 
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47. In an q>paratus for separating immiscible liquids in a dispersion comprising 
an aqueous liquid and at least one non-aqueous liquid immiscible in the aqueous 
liquid and wherein the non-aqueous liquid is dispersed in the aqueous liquid and a 
coalescing media is used for separating the liquids in the dispersion by passing the 
dispersion fln-ough the coalescing media, 

the improvement wherein 

the coalescing media includes a substantially homogeneous porous mass, the 
porous mass including a network of fine filaments and substantially uniform 
sized open cells in the filamente, wherein the coalescing media can separate 
non-aqueous emulsions fix>m the aqueous phase having a droplet diameter 
of at least 0.5 ^m. 

48. An apparatus according to claim 47, wherein the porous mass has an 
absorption or adsorbent character effective to trap dispersed non-aqueous droplets 
for coalescence, and readily release coalesced droplets of the non-aqueous liquid. 

49. An apparatus according to claim 47 or 48, wherein the porous mass has a 
non-compressed state. 

50. An apparatus according to claim 49, wherein the porous mass in the nori- 
con^iressed state has a non-compressed density varying firom 1.5 to 2.5 lbs/ft^; a 
void space fiom 80% to 98%: and 65 to 120 pores per linearinch; 

51. An apparatus according to claim 47 or 48, wherein ttie porous mass has a 
compressed state. 

52. An ^paratus according to claim 51, wherein the porous mass in the 
compressed state has a compressed density varying fi^m 2.5 to 19 lbs/rf; .a void 
space of fix)m 60% to 80%; and 120 to 900 pores per linear inch. 
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53. An q)paratus according to any one of claims 47 to 52, wherein the cells 
have a ceU wall fliickness betwem 40 and 55 pm. 

54. An apparatus according to any one of claims 47 to 53, wherein the cells 
have a. cell diameter between 1 60 and 220 |un. 

55. An apparatus according to any one of claim 47 to 54, wherein the 
coalescing media is of a polymer selected from the group consisting of 
pplyurefliane, polyester, polystyrene, polypropylene and polyethylene. 

56. An s^aratus according to claim 55, wherein the coalescing media is of 
polyurethane. 
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AM£ND£D CLAIMS 
received by the International Bureau on 1 6 February 2004 
claims 57, 58 & 59 bave been added. 

53. An tqyparatus according to aiiy one of claims 47 to 52, wherein the pells 
have a cell wall thickness between 40 and 55 ^m. 

54. An apparatus according to any one of claims 47 to 53, wherein the cells 
have a cell diameter between 160 and 220 ^ym. 

55. An apparatus according to any one of claim 47 to 54, wherein the 
coalescing media is of a polyineir selected from the group consisting of 
polyuiethane, polyester, polystyrene, polypropylene and polyethylene. 

56. An apparatus according to claim 55, wherein the coalescing media is of 
polyurethane. 

57. A method according to any one of claims 11 to 20, wherein the coalescing 
medium separates non-aqueous emulsions from the aqueous phase having the 
droplet diameter in the range of 0.5 to 2 rnicron. 

58. An apparatus according to any one of claims 37 to 46, wherein the 
coalescing media separates non-aqueous emulsions from the aqueous phase having 
the droplet diameter in a range of between 0.5 and 2 micron. 

59. An apparatus according to any one of claims 47 to 56, wherein the 
coalescing medium separates non-aqueous emulsions from the aqueous phase 
having the droplet diameter of 0.5 to 2 micron. 
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